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'HZDVD LQL SHUDQWL WXUERFKDUJHU VHODOX GLWDPEDKNDQ SDGD PHVLQ GLHVHO 3DGD SHQJJXQDDQ
WXUERFKDUJHU XGDUD \DQJ DNDQ PDVXN NHGDODP UXDQJ EDNDU GLNRPSUHVLNDQ VHKLQJJD WHNDQDQ GDQ
WHPSHUDWXUXGDUDQDLN8GDUD\DQJSDQDVPHQ\HEDENDQPROHNXO2VHPDNLQVHGLNLWVHKLQJJDSHPEDNDUDQ
\DQJWHUMDGLNXUDQJVHPSXUQD2OHKNDUHQDLWXGLWDPEDKNDQLQWHUFRROHUXQWXNPHQGLQJLQNDQXGDUD\DQJ
PDVXN NH UXDQJ EDNDU ,QWHUFRROHU \DQJ DGD VDDW LQL SHQGLQJLQDQQ\D KDQ\D EHUJDQWXQJ GHQJDQ VXKX
XGDUD OLQJNXQJDQ \DQJ VHPDNLQ KDUL VHPDNLQ SDQDV DNLEDW DGDQ\D JOREDO ZDUPLQJ 6HGDQJNDQ SDGD
NHQGDUDDQ\DQJNLWDJXQDNDQVHKDULKDULPDVLKDGDVXPEHUGLQJLQGDULUHIULJHUDQWNHOXDUDQHYDSRUDWRU
\DQJ GDSDW GLPDQIDDWNDQ XQWXNPHQGLQJLQNDQ LQWHUFRROHU 6WXGL LQL EHUWXMXDQ XQWXNPHQHPXNDQ VXKX









NRPSUHVL XDS GLJXQDNDQ XQWXN PHQJDQDOLVD ILVLELOLWDV SHPDQIDDWDQ HYDSRUDWRU XQWXN PHQGLQJLQNDQ








GHZDVD LQL GLLNXWL MXJD ROHK SHUNHPEDQJDQ NRPSR
QHQNRPSRQHQ RWRPRWLI \DQJ EHUWXMXDQ XQWXN PHQLQJ
NDWNDQ XQMXN NHUMD SDGD PHVLQ 3HUDQWL WXUERFKDUJHU
GHZDVD LQL VHODOX GLWDPEDKNDQ SDGD PHVLQ GLHVHO
3HQJJXQDDQ WXUERFKDUJHU GHQJDQ LQWHUFRROHU GDSDW
PHQLQJNDWNDQ GD\D PRWRU >@ 7XUERFKDUJHU
VHQGLUL DGDODK VHEXDK SHUDQWL GHQJDQ VLVWHP LQGXNVL
SDNVD EHNHUMD XQWXN PHPSDWNDQ XGDUD \DQJ EHUWXMXDQ
XQWXNPHQDLNDQWHNDQDQXGDUD\DQJDNDQPDVXNNHUXDQJ
EDNDU 'HQJDQ DGDQ\D WXUERFKDUJHU PDND XGDUD \DQJ
PDVXN SDGDPHVLQ DNDQ OHELK EDQ\DN WHWDSL XGDUD \DQJ
WHUNRPSUHVLROHKWXUERFKDUJHUDNDQVHPDNLQSDQDVROHK
NDUHQD LWX XQWXN PHPDNVLPDONDQ NLQHUMD GDUL WXUER
FKDUJHU PDND SHUOX GLWDPEDKNDQ SHUDQJNDW LQWHUFRROHU
,QWHUFRROHU DGDODK SHUDQWL \DQJ EHNHUMD GHQJDQ FDUD
PHQXNDU SDQDV %HUIXQJVL XQWXN PHQGLQJLQNDQ XGDUD
\DQJWHODKWHUNRPSUHVLROHKWXUER.HUDSDWDQXGDUDDNDQ
VHPDNLQ PHQLQJNDW NHWLND WHPSHUDWXU XGDUD VHPDNLQ
UHQGDK>@6HKLQJJDGLKDUDSNDQPROHNXORNVLJHQPHQMDGL
OHELKEDQ\DNGDQGLKDUDSNDQVHPXDPROHNXOEDKDQEDNDU
GDSDW WHUEDNDU GHQJDQ VHPSXUQD 3HQGLQJLQDQ \DQJ
WHUMDGL SDGD LQWHUFRROHU \DQJ DGD VDDW LQL KDQ\D EHU








UHIULJHUDQW NHOXDUDQ HYDSRUDWRU DF GLGDSDWNDQ NHUDSDWDQ
PDVVDXGDUDNDOLGLEDQGLQJNDQWDQSDPHQJJXQDNDQ
LQWHUFRROHU VHGDQJNDQ NHWLND PHQJJXQDNDQ LQWHUFRROHU
GHQJDQ PHPDQIDDWNDQ GLQJLQ UHIULJHUDQW NHOXDUDQ
HYDSRUDWRU DF GL GDSDWNDQ NHUDSDWDQPDVVD XGDUD 
NDOL GLEDQGLQJ NHDGDDQ VWDQGDU>@ 3HUEDQGLQJDQ PDVVD
XGDUD \DQJ GLGDSDW GDUL KDVLO SHQHOLWLDQ WHUOLKDW VDQJDW
VLJQLILNDQ QDPXQ EHOXP GLODNXNDQ SHQHOLWLDQ WHUKDGDS
GD\DGDQWRUVLSDGDNHQGDUDDQ
-XPODKXGDUD \DQJPDVXNSDGD UXDQJEDNDUPHVLQ
GLHVHO VDQJDWODK PHQHQWXNDQ NHVHPSXUQDDQ GDUL
SHPEDNDUDQ \DQJ WHUMDGL 'HQJDQ DGDQ\D SHQGLQJLQDQ
WHUKDGDS XGDUD PDND KDO LQL GLKDUDSNDQ DNDQ PH
QLQJNDWNDQNHUDSDWDQGDULPDVVDXGDUD'DODPSHQHOLWLDQ
NDOL LQL DNDQ GLODNXNDQSHUFREDDDQXQWXNPHQGLQJLQNDQ
LQWHUFRROHUGHQJDQDODWXMLSDGDUHQWDQJVXKX&&
&&
3HQHOLWLDQ LQL EHUWXMXDQ XQWXN PHUDQFDQJ DODW XML
\DQJ DNDQ GLJXQDNDQ XQWXN PHQGLQJLQNDQ LQWHUFRROHU
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0HQFDUL VXKX RSWLPDO SHQGLQJLQDQ LQWHUFRROHU SDGD
PHVLQ .')79 GDQ PHQLQMDX ILVLELOLWDV SHPDQIDDWDQ





6HEXDK DODW SHQGLQJLQ MHQLV NRPSUHVL XDS VHFDUD
NKXVXV GLUDQFDQJ GDQ GLEXDW GDODP SHQHOLWLDQ LQL DJDU
PDPSX PHQGLQJLQNDQ LQWHUFRROHU SDGD UHQWDQJ VXKX
& & & &$ODW XML SHQGLQJLQ DNDQPHP
SHUPXGDK SHQJDWXUDQ YDULDVL VXKX SHQGLQJLQDQ LQWHU
FRROHU\DQJGLKDUDSNDQGDODPSHQHOLWLDQLQL7DKDSDZDO
SHQHOLWLDQ DGDODK SHUDQFDQJDQ DODW XML PHVLQ SHQGLQJLQ
NRPSUHVL XDS GHQJDQ FROG SODWH HYDSRUDWRU .HEXWXKDQ
EHEDQ SHQGLQJLQDQ GLKLWXQJ EHUGDVDUNDQ SHUFREDDQ
LQWHUFRROHU VWDQGDU NHPXGLDQ GD\D NRPSUHVVRU XQWXN
5 GLSHUROHK GDUL SHUKLWXQJDQ VHEHVDU :DWW %DN
SHQDPSXQJ DLU SHQGLQJLQ GLEXDW VHGHPLNLDQ UXSD
VHKLQJJD LQWHUFRROHUFROG SODWH HYDSRUDWRU GDQ SRPSD
VLUNXODVLGDSDWPDVXNGLGDODPQ\D
7DKDS VHODQMXWQ\D DGDODK PHQ\DPEXQJ UDQJNDLDQ
GDUL NRPSUHVRU NRQGHQVRU SLSD NDSLOHU GDQ HYDSRUDWRU
GHQJDQSLSDWHPEDJD\DQJGLODVPHQMDGLVDWXGHQJDQILOOHU
SHUDNVHKLQJJDURQJJDURQJJDSLSDVDDWSHQJHODVDQGDSDW
WHUWXWXS GHQJDQ EDLN GDQ WLGDN WHUMDGL NHERFRUDQ UHIUL
JHUDQW SDGD DODW XML $ODW XML \DQJ DNDQ GLUDQFDQJ EHU
WXMXDQ XQWXN PHQGLQJLQNDQ DLU SHQGLQJLQDQ LQWHUFRROHU
VDPSDL VXKX \DQJ WHODK GLWHQWXNDQ VHKLQJJD VXKXXGDUD
\DQJWLQJJLDNLEDWWHUPDPSDWNDQROHKWXUERGDSDWPHQMDGL
OHELK UHQGDK 6XKX XGDUD SDQDV GDUL WXUER DNDQ PDVXN
SDGD LQWHUFRROHU VHGDQJNDQ LQWHUFRROHU DNDQ WHUXV
GLGLQJLQNDQROHKHYDSRUDWRUDFGDQDLU\DQJEHUDGDGDODP
EDN SHQGLQJLQ 3RPSD VLUNXODVL GDODP EDN SHQGLQJLQ
WHUVHEXW EHUWXMXDQ XQWXNPHQVLUNXODVL DLU DJDU DLU GDSDW
EHUFDPSXU GHQJDQ UDWD VHKLQJJD VXKX EDFDDQ GDUL
WKHUPRVWDWGDSDW OHELKDNXUDW6NHPDGDULUDQJNDLDQDODW





3DGD VDDW VHPXD NRPSRQHQ GDUL DODW XML WHODK WHU
SDVDQJ 3URVHV SHQJLVLDQ UHIULJHUDQ GLODNXNDQ PHQJ
JXQDNDQ 5 6HEHOXP GLODNXNDQ SURVHV SHQJLVLDQ
UHIULJHUDQ UDQJNDLDQ GLYDNXP WHUOHELK GDKXOX PHODOXL
YDOYH \DQJ DGD SDGD PDQLIROG JDXJH UDQJNDLDQ 3HP
YDNXPDQ LQL EHUWXMXDQ XQWXN PHQJRVRQJNDQ VDOXUDQ
VDOXUDQSLSDGDULXGDUDPDXSXQXDSDLU3HQJLVLDQIUHRQ
GLODNXNDQ VHVXDL VWDQGDU WHNDQDQ NHUMD NRPSUHVRU








3HQJXMLDQ GLODNXNDQ GHQJDQPHPDVDQJNDQ DODW XML
SHQGLQJLQ LQWHUFRROHU LQL SDGD PHVLQ .')79 GDQ
GLODNXNDQ SHQJHFHNDQ DSDNDK DODW XML VXGDK EHUMDODQ
GHQJDQ EDLN GDQ VXKXSHQGLQJLQDQ DLU LQWHUFRROHUGDSDW
WHUFDSDL7DKDSVHODQMXWQ\DNHWLNDDODWXMLVXGDKEHUMDODQ
GHQJDQ EDLN PDND DNDQ GLODNXNDQ SHQJXMLDQ FKDVVLV
G\QDPRPHWHU XQWXNPHQJXML SHUIRUPDPHVLQ EDLN \DQJ
PHQJJXQDNDQ LQWHUFRROHU GHQJDQ SHQGLQJLQDQ DLU EHU
VXKX & & & & JDPEDU  PDXSXQ
LQWHUFRROHUVWDQGDUWDQSDDODWXMLGHQJDQVXKXOLQJNXQJDQ
&6XKXDLUSHQGLQJLQLQWHUFRROHU\DQJPHQJKDVLONDQ
SHUIRUPD WHUEDLN DNDQ GLEDQGLQJNDQ GHQJDQ KDVLO
SHQJXMLDQSHUIRUPDLQWHUFRROHUVWDQGDU
8QWXNPHQJHWDKXL ILVLELOLWDVGDULSHPDQIDDWDQHYD
SRUDWRU XQWXN SHQGLQJLQ LQWHUFRROHU PHVLQ .')79









NRQGLVL VWDQGDU+DVLO SHQHOLWLDQ VXKXSHQGLQJLQDQ \DQJ
SDOLQJ RSWLPDO DNDQ GLJXQDNDQ VHEDJDL DFXDQ EHVDUQ\D
NDORU \DQJ KDUXV GLOHSDVNDQ GDUL XGDUD VHKLQJJD
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'DUL KDVLO SHQJXMLDQ FKDVVLV G\QDPRPHWHU \DQJ













*DPEDU  *UDILN WRUVL \DQJ GLKDVLONDQ LQWHUFRROHU
GHQJDQ DODW XML SHQGLQJLQDQ DLU WHPSHUDWXU & &
&&

'DUL KDVLO SHQJXMLDQ FKDVVLV G\QDPRPHWHU \DQJ
GLODNXNDQ SDGD LQWHUFRROHU GHQJDQ DODW SHQGLQJLQ
GLGDSDWNDQKDVLOVHEDJDLEHULNXW
x 7HPSHUDWXUSHQGLQJLQDQLQWHUFRROHU&PHQJKDVLO
NDQ WRUVL PDNVLPXP VHEHVDU  1P SDGD USP

x 7HPSHUDWXUSHQGLQJLQDQLQWHUFRROHU&PHQJKDVLO
NDQ WRUVL PDNVLPXP VHEHVDU  1P SDGD USP

x 7HPSHUDWXUSHQGLQJLQDQLQWHUFRROHU&PHQJKDVLO





'D\D WHUEHVDU GLGDSDWNDQ ROHK LQWHUFRROHU GHQJDQ
SHQGLQJLQDQ & WHWDSL WRUVL WHUEHVDU GLGDSDW ROHK
LQWHUFRROHU GHQJDQ SHQGLQJLQDQ WHPSHUDWXU & 'D\D
PDNVLPXPLQWHUFRROHUGHQJDQSHQGLQJLQDQ&VHEHVDU
%+3OHELKEHVDU%+3GLEDQGLQJNDQSHQGLQJLQ
DQ & 7RUVL PDNVLPXP SHQGLQJLQDQ & VHEHVDU
 KDQ\D OHELK EHVDU 1P GLEDQGLQJ SHQGLQJLQDQ
& VHKLQJJD VXKX \DQJ SDOLQJ RSWLPDO XQWXN PHQ
GLQJLQNDQLQWHUFRROHUDGDODKVXKX&
+DVLO XML FKDVVLV G\QDPRPHWHU  SDGD LQWHUFRROHU
VWDQGDU GHQJDQ VXKX OLQJNXQJDQ&  GD\DPDNVLPXP
SDGD  USP  VHEHVDU  %+3 VHGDQJNDQ SDGD
LQWHUFRROHU GHQJDQ SHQGLQJLQDQ DODW XML & GD\D
PDNVLPXPSDGDUSPVHEHVDU%+3PHQLQJNDW




*DPEDU  *UDILN GD\D LQWHUFRROHU GHQJDQ VXKX
OLQJNXQJDQ & GDQ LQWHUFRROHU GHQJDQ DODW XML SHQ
GLQJLQDQDLUWHPSHUDWXU&

7RUVL PDNVLPXP SDGD LQWHUFRROHU VWDQGDU GHQJDQ
VXKXOLQJNXQJDQ&SDGDUSPVHEHVDU1P
VHGDQJNDQSDGD LQWHUFRROHU GHQJDQSHQGLQJLQDQ DODW XML
&WRUVLPDNVLPXPSDGDUSPVHEHVDU1P
PHQLQJNDW  1P 3DGD JDPEDU GLEDZDK GDSDW GLOLKDW
EDKZDNHQDLNDQWRUVLWHUMDGLSDGDVHPXDSXWDUDQPHVLQ
3DGD JDPEDU  GDQ  NHQDLNDQ GD\D GDQ WRUVL GL
SXWDUDQUSPWHUOLKDWVDQJDWVLJQLILNDQDQWDUDDQWDUD
LQWHUFRROHU VWDQGDU GHQJDQ VXKX OLQJNXQJDQ & GDQ
LQWHUFRROHUGHQJDQDODWSHQGLQJLQ&'D\DPHQLQJNDW
 %+3 GDQ WRUVL PHQLQJNDW  1P 3HQGLQJLQDQ
LQWHUFRROHUSDGDUSPUHQGDKPHQJKDVLONDQNHQDLNDQGD\D
GDQ WRUVL \DQJ OHELK VLJQLILNDQ GLEDQGLQJ SDGD SXWDUDQ
WLQJJL 3DGD USP  'D\D SXQFDN KDQ\D PHQJDODPL
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OLQJNXQJDQ & 3HQXUXQDQ LQL GLVHEDENDQ ROHK
WHPSHUDWXU SHQ\DODDQ EDKDQ EDNDU \DQJ WLGDN WHUFDSDL
VHKLQJJD SHPEDNDUDQ PHQMDGL NXUDQJ VHPSXUQD
ZDODXSXQNHUDSDWDQXGDUDQ\DOHELKWLQJJL+DOLQLVHMDODQ












LQL DGDODK EHVDUQ\D NDORU \DQJ KDUXV GLOHSDVNDQ XQWXN
PHQXUXQNDQ VXKX XGDUD NHOXDUDQ LQWHUFRROHU PHQMDGL
VXKXVHSHUWL\DQJGLSHUROHKGDULDODWXMLSDGDWHPSHUDWXU







'DUL KDVLO SHUKLWXQJDQ EHVDU NDORU WDPEDKDQ \DQJ
GLSHUOXNDQ LQWHUFRROHU XQWXN PHQFDSDL VXKX RXWSXW
LQWHUFRROHU SHQGLQJLQDQ  & SDGD SXWDUDQ  USP
GLGDSDWNDQVHEHVDU:DWW3DGDSXWDUDQUSP
LQLODK \DQJ DNDQ GLJXQDNDQ XQWXN DQDOLVD ILVLELOLWDV
SHPDQIDDWDQ HYDSRUDWRU VHEDJDL SHQGLQJLQ LQWHUFRROHU
PHVLQ .')79 NDUHQD  SXWDUDQ  USPPHUXSDNDQ
USP WHQJDKWHQJDK GDUL PHVLQ GLHVHO \DQJ PDNVLPXP
SXWDUDQQ\D  USP VHEHOXP UHGOLQH GDQ SDGD MDODQ
MDODQSHUNRWDDQ\DQJFXNXSSDGDWNLVDUDQSXWDUDQPHVLQ
 USP DGDODK \DQJ SDOLQJ VHULQJ GLJXQDNDQ XQWXN
EHUMHODMDK
'DULEHEHUDSDKDVLOSHQJXMLDQ\DQJWHODKGLODNXNDQ
PDND GDSDW GLJDPEDUNDQ VLNOXV GDUL GLDJUDP 3K LGHDO
VLVWHPUHIULJHUDVLPRELO LQQRYDPHVLQ.')79VWDQGDU

















SHQXNDU NDORU WLWLN  EHUJHVHU VHEHVDU  NMNJ DNDQ
PHPEXDWVXKXNHOXDUDQGDULNRPSUHVRUQDLNVHEHVDU&
GDUL&PHQMDGL&QDPXQVXKX&PDVLKDPDQ
XQWXN NRPSUHVRU NDUHQD GDWD ERLOLQJ SRLQW GDUL ROL
NRPSUHVRU WR\RWD \DQJ EHUMHQLV 1' ERLOLQJ SRLQWQ\D
VHEHVDU&'LWLQMDXGDULVLVLSHOHSDVDQNDORUMXPODK
ODMX SHOHSDVDQ NDORU ROHK NRQGHQVRU EHUWDPEDK VHEHVDU
VHNLWDUGDULN:PHQMDGLN:
3HPDQIDDWDQ HYDSRUDWRU VLVWHP $& PRELO XQWXN
PHQGLQJLQNDQ LQWHUFRROHU PHVLQ .')79 EHUGDVDUNDQ
KDVLO SHUKLWXQJDQ SDGD VLNOXV GLDJUDP 3K GLQ\DWDNDQ
ILVLEHO +DVLO DQDOLVD PHQXQMXNNDQ EDKZD SDGD VDDW
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UHIULJHUDQW GLOHZDWNDQ NHGDODP LQWHUFRROHU DGD EHEDQ
HNVWUD SDGD NRPSUHVRU VLVWHPSHQGLQJLQ QDPXQ SHQDP
EDKDQQ\D WLGDN VLJQLILNDQ VHKLQJJD GDSDW GLDEDLNDQ
3HQDPEDKDQ MXPODK SHOHSDVDQ NDORU SDGD NRQGHQVRU
SHUOX GLSHUKDWLNDQ VHKLQJJD EHEHUDSD PRGLILNDVL SDGD





'DUL VHUDQJNDLDQ SHQJXMLDQ \DQJ GLODNXNDQ SDGD
PHVLQ LQQRYD .')79 GHQJDQ LQWHUFRROHU VWDQGDU
GHQJDQVXKXOLQJNXQJDQ&GDQLQWHUFRROHUGHQJDQDODW
XML SHQGLQJLQDQ DLU SDGD WHPSHUDWXU & & &
&'LSHUROHKKDVLOVHEDJDLEHULNXW
x 6XKX SHQGLQJLQDQ LQWHUFRROHU \DQJ SDOLQJ RSWLPDO
SDGD PHVLQ .')79 GLGDSDWNDQ SDGD VXKX &
'D\D  PDNVLPXP PHQLQJNDW VHEHVDU  %+3 GDQ
WRUVL PDNVLPXP PHQLQJNDW VHEHVDU  1P GLEDQ
GLQJNDQ LQWHUFRROHU VWDQGDU GHQJDQ VXKX OLQJNXQJDQ
&
x 7HPSHUDWXU SHQGLQJLQDQ \DQJ WHUODOX UHQGDK PHQJ
DNLEDWNDQ SHQXUXQDQ WHUKDGDS GD\D SDGD NHQGDUDDQ
3HQXUXQDQ LQLGLVHEDENDQROHK WHPSHUDWXUSHQ\DODDQ
EDKDQEDNDU\DQJWLGDNWHUFDSDLVHKLQJJDSHPEDNDUDQ
PHQMDGL NXUDQJ VHPSXUQD ZDODXSXQ NHUDSDWDQ
XGDUDQ\DOHELKWLQJJL
x 3HPDQIDDWDQ HYDSRUDWRU XQWXN SHQGLQJLQ LQWHUFRROHU


































EDWDV \DQJ GLLMLQNDQ SHQDPEDKDQ NHUMD NRPSUHVRU
WLGDNVLJQLILNDQVHKLQJJDGDSDWGLDEDLNDQVHGDQJNDQ
SHQDPEDKDQ MXPODKSHOHSDVDQNDORUSDGDNRQGHQVRU
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3HQJDUXK 3HQJJXQDDQ 7XUER
FKDUJHU 'HQJDQ ,QWHUFRROHU 7HUKDGDS 3HUIRUPDQVL
0RWRU%DNDU'LHVHO-XUQDO'LQDPLV9ROXPH1R




WKH $LU 6WDQGDUG (IILFLHQF\ RI WKH'LHVHO (QJLQH E\
&ULWLFDOO\ &RQGLWLRQLQJ WKH ,QOHW $LU´ ,QWHUQDWLRQDO
-RXUQDO RI ,QQRYDWLYH 5HVHDUFK LQ 6FLHQFH (QJL
QHHULQJ DQG7HFKQRORJ\9ROXPH 6SHFLDO LVVXH 
5HWULHYHG -DQXDUL   IURP KWWSVZZZ
LMLUVHWFRPXSORDGWDSVDB0(B1(:SGI
 0XTHHP 0RKG 6HS2FW  ³7XUERFKDUJLQJ
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3HQJJXQDDQ LQWHUFRROHU SDGDPRWRU
GLHVHOGHQJDQVXSHUFKDUJHU 7$1R0(6
8QSXEOLVKHGXQGHUJUDGXDWHWKHVLV8QLYHUVLWDV
.ULVWHQ3HWUD6XUDED\D
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